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T h i s  report  w a s  prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the 
United States Department of Energy, nor any of t h e i r  employees, 
nor  any of t h e i r  contractors, subcontractors, o r  t h e i r  employees, 
makes any warranty, express o r  implied, o r  assumes any legal  
l i a b i l i t y  o r  responsibil i ty fo r  the accuracy, completeness, o r  
usefulness of any information, apparatus, product, o r  process 
disclosed, o r  represents tha t  its use would not infringe 
privately owned r ights .  



I. SUMMARY 

Springborn Laboratories i s  engaged i n  a study of evaluating potent ia l ly  

useful encapsulating materials f o r  Task 3 of the Low-Cost Sil icon Solar Array 

project (LSA) funded by DOE. The goal of t h i s  program is t o  ident i fy ,  evaluate, 

and recommend encapsulant materials and processes fo r  the production of cost-ef- 

fect ive,  long-life so la r  cell  modules. 

Work performed during t h i s  quarter included the development of anti-blocking 

treatments for  EVA sheet intended f o r  use as a lamination pottant.  

has a high surface tack which presents handling problems i n  manufacturing opera- 

t ions.  The most effect ive treatment w a s  found t o  be coextrusion with non-woven 

glass  cloth t o  provide a non-stick surface, 

aiding vacuum degassing during lamination and additionally provides a mechanical 

barrier between module components. 

with a f ine  powdered grade of polyethylene t o  y ie ld  an effect ive non-sticking 

surf ace. 

The polymer 

The glass  c loth is a l so  useful i n  

Alternatively, the EVA sheet may be dusted 

I n i t i a l  evaluation s tudies  w e r e  begun on a new pot tant  compound, polybutyl 
I 

acrylate,  t o  assess i t s  preparation and handling character is t ics .  This is  a 

transparent casting syrup t h a t  thermosets a t  elevated temperature (80b and may 

be stored a s  a one pa r t  system. 

encapsulant, but more development is required t o  speed the cure cycle and i m -  

prove the processing character is t ics .  

This compound shows promise a s  a cost  effect ive 

Corrosion s tudies  using a standard salt  spray test w e r e  conducted t o  deter- 

mine'the degree of protection afforded t o  a number of metals when encapsulated i n  

candidate pot tant  compounds, Excellent protection (1600 hours of exposure) was 

provided t o  copper, galvanized steel, mild steel and aluminum when primed with 

s i l anes  and encapsulated i n  EVA. 

under these conditions. 

than EVA did not perform as  w e l l .  

dependent on the combined chemistry of the materials. 

The m e t a l s  showed no signs of corrosive attack 

Unprimed specimens and encapsulation by pottants other 

The corrosion sens i t iv i ty  a l so  appears t o  be 

Pottants and outer cover candidates w e r e  exposed t o  intervals of accelerated 

W stress aging using the FS/4 fluorescent sunlamp. 

years work w a s  tabulated and the r e su l t s  noted. 

A summary of the past  two 

Two outer cover materials w e r e  
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examined, Korad acrylic film and Tedlar fluorocarbon. The Korad demonstrates 

much lower resistance to W than expected, the specimens degrading with em- 

brittlement after as little as 1000 hours exposure. 

very well with no measurable signs of degradation. 
varied in performance. Polyurethane, even when protected with cover films, 

degraded fairly rapidly. 

stabilized and covered with a protective film, but still showed signs of slow 

degradation in the best case. 

formance, showing no signs of degradation after 9,000 hours of exposure even 
without the benefit of a protective film. 

Tedlar film survived 

The candidate pottants 

EPDM survived up to 6000 hours when properly 

Compounded and stabilized EVA has excellent per- 
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11. INTRODUCTION 

The goal of this program 
terials and processes for the 

in a terrestrial environment. 

is to identify and evaluate encapsulation ma- 

protection of silicon solar cells for service 

Encapsulation systems are being investigated consistent with the DOE 

objectives of achieving a photovoltaic flat-plate module or concentrator array 
2 at a manufactured cost of $0.70 per peak watt ($7/ft (1980 dollars). The 

project is aimed at establishing the industrial capability to produce solar 
modules within the required cost goals by the year 1986. 

To insure high reliability and long-term performance, the functional com- 

ponents of the solar cell module must be adequately protected from the environ- 

ment by some encapsulation technique. 

functioning include moisture, ultraviolet radiation, heat build-up, thermal ex- 

cursions, dust, hail, and atmospheric pollutants. Additionally, the encapsulation 

system must provide mechanical support for the cells and corrosion protection for 

the electrical components. 

The potentially harmful elements to module 

Module design must be based on the use of appropriate construction materials 

and design parameters necessary to meet the field operating requirements, and to 

maximize cost/performance, 

Assuming a module efficiency of ten percent, which is equivalent to a power 

output of 100 watts per m2 in midday sunlight, the capital cost of the modules 

may be calculated at $70-00 per m . Out of this cost goal only 5.4 percent is 
available for encapsulation due to the high cost of the cells. The encapsulation 

2 cost allocation may then be stated as $3.80 per m2 ($0.35 per ft ) which includes 

all coatings, pottants and mechanical supports for the solar cells. 

2 

Assuming the flat plate collector to be the most efficient design, photo- 

voltaic modules are presently envisioned as being composed of six basic con- 

struction elements. These elements are (a) outer covers; (b) structural and 

transparent superstrate materials; (c) pottants; (d) substrates; (e) back covers; 

and (f) adhesives. Current investigations are concerned with identifying and 

utilizing materials or combinations of materials for use as each of these 
elements. 
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Extensive surveys have been conducted into many classes of materials in 

order to identify a compound or class of compounds optimum for use as each 

construction element. 

The results of these surveys have also been useful in generating first- 

cut cost allocations for each construction element, which are estimated to be 
as follows (1980 dollars): 

t 

cost 
Allocation 

Construction Elements (Sfit21 

Substrate/Superstrate 0.19 

Pottant 

Adhesive 

Outer cover 

0.08 

0.06 

0.01 

Back cover 0.07 

From the preceding work, it became possible to identify a small number of 

materials which had the highest potential as candidate low cost encapsulation 

materials. The following chart shows the materials of current interest and 

their anticipated functions: 

Candidate Encapsulation Materials 

Structural Element 
Superstrate Design Elastomeric Pottant Cover 

Ethylene/vinyl acetate Mylar 
Ethylene/propylene diene Tedlar 
Polyvinyl chloride 

Soda-Lime Glass plastisol Aluminum foil 
Poly-n-Butyl acrylate Silicone/Acrylic 
Aliphatic Polyurethanes polymers 

Substrate Desicm 

Adhesive 

As required 

Fiberboard 
Flakeboard 
Mild steel 
Glass reinforced 
concrete 

(same as above) 
-rad 201-R 
Tedlar 100 BG 

30 UT 

TI-2 



This report presents the r e su l t s  of the past  quarter which has been 

directed a t  the continuing development and tes t ing  of pottants,  outer covers, 

encapsulation processes and other components and techniques which may be useful 

fo r  the fabrication of cost  effect ive so la r  modules. The topics covered i n  t h i s  

report are  as  follows: 

The assessment of techniques for imparting a non-sticking o r  anti-  

blocking property t o  EVA sheet. The aggressive adhesion encountered 

with EVA surfaces poses a d i f f i cu l ty  t o  cer ta in  module manufacturers 

and in te r fe res  with the free winding of the material i n  r o l l  form. 

Three approaches t o  t h i s  problem are discussed; embossing the sur- 

face, dusting witth a powdered material and coextrusion with non- 

woven g lass  m a t .  

A new pot tant ,  polybutyl acrylate,  was prepared and an i n i t i a l  in- 

vestigation of its module processing and curing character is t ics  

was examined. 

Corrosion studies.  A variety of metals w e r e  encapsulated, both 

primed and unprimed, i n  each of the  candidate pottants under 

current investigation. 

salt  spray condition a t  35OC and the degree of attack compared. 

The resu l t s  of the l a s t  two years work with the exposure of 

The specimens w e r e  exposed t o  a harsh 

candidate pot tants  and outer cover materials t o  RS/4 fluorescent 

sunlamp have been tabulated and compared. 

data concerning the  re la t ive  resistance of accelerated W stress 

t o  the degradation of mechanical properties i n  materials exposed 

t o  specified time intervals.  

This method provided 
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111. ANTI-BLOCKING EXPERIMENTS 

One of the problems presented by EVA polymer pottant i n  sheet form is  

t h a t  of i t s  aggressive surface tack. 

with each other are  separated with d i f f i cu l ty ,  i f  a t  a l l .  Additionally, other  

materials coming i n  contact with the sheet, such as  cells, interconnects, etc. 

may similarly adhere and prevent movement of components placed on the  sheet. 

This d i f f i cu l ty  has been encountered by some commercial module manufacturers 

using EVA i n  t r i a l  fabrications. From a production standpoint, the  s t icking 

o r  "blocking" property of the fi lm is a disadvantage because it necessitates 

the use of a disposable release paper interleaving. This increases the pro- 

duction cost ,  is an inconvenience a t  film winding s ta t ions ,  and increases 

the shipping weight. 

Two sheets of pot tant  coming i n  contact 

A number of approaches have been investigated recently fo r  a possible 

solution t o  t h i s  problem. 

compatible type of powdered material t o  physically separate the p l i e s ,  the 

second w a s  embossing the surface t o  give a non-adhesive m a t t e  f in i sh ,  and the 

th i rd  w a s  separation with non-woven glass  cloth. 

The first approach was dusting the surface with a 

Different types of dust w e r e  evaluated for  the surface dusting approach. 

Included w e r e  several grades of fumed s i l i c a ,  two types of Kynar dispersion, 

f inely ground PVC resin and a polyethylene powder. 

w e r e  found t o  be effective anti-block agents, permitting the EVA polymer t o  be 

rol led up i n  sheet form without adhesion between the p l ies .  Di f f icu l t ies  w e r e  

encountered, however, when these EVA surface treatments w e r e  used i n  module 

fabrication experiments. 

large areas of opacity where the dust pa r t i c l e s  had agglomerated and a general 

haze over the cells due t o  the incompatibility of the powdered material. This 

e f f ec t  w a s  noticed w i t h  a l l  the  dusting compounds used with the exception of 

the polyethylene powder. No  disturbance of the opt ical  path w a s  detectable with 

the polyethylene powder, e i t h e r  visually o r  by I / V  curve measurement, This suc- 

cess is thought t o  be due t o  the closely matched refract ive indices of the two 

polymers (EVA has nd = 1.48; l o w  density polyethylene has nd = 1.5) and also t o  

the mixing during the m e l t  phase. 

the polyethylene is approximately 70. 

low m e l t  v i scos i t ies  and probably mix w i t h  l i t t l e  d i f f i cu l ty  during the lamination 

All the dusting materials 

Experimental two celled modules w e r e  found t o  have 

The EVA base resin has a m e l t  index of 40, 

This indicates t h a t  both resins  have very 
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process. The grade of polyethylene selected for  t h i s  experiment i.s available 

from U. S .  Industr ia l  Chemicals Inc. and is tradenamed "Microthene" - MN-714. 
This material is a low density polyethylene tha t  softens a t  83 C (Vicat) ,  has 

a pa r t i c l e  s i ze  of 50 U. S. mesh and is sold for  $0.46/lb i n  bulk. In treat- 

ment, the surface of the EVA sheet is allowed t o  pick up the amount of dust 

t h a t  w i l l  naturally adhere t o  it (approximately 0.4 gm/ft 1. This can be done 

by brushing the  dust on the surface and blowing the excess off with an a i r  jet .  

I n  production, the extruded sheet would probably be passed through a fluidized 

bed of dust i n  l i n e  with the extruder and then wound d i rec t ly  onto cores. 

commercial production process such as t h i s  has not been implemented yet  fo r  use 
with EVA. 

0 

2 

A 

The next anti-blocking treatment investigated w a s  that of embossing the 

surface t o  give a matte f inish.  

molding EVA (below cure temperatures) between sheets of aluminum t h a t  had been 

Laboratory samples w e r e  prepared by compression 

abraded so t h a t  the surface texture would be transferred during molding. 

aluminum pla tes  w e r e  abraded by sandblasting. 

pressure of 100 p s i  t o  roughen the surface with a uniform spray pattern.  

t o  d i f f icu l ty  w5th the removal of the molded re s in  from the p la te ,  the embossing 

surface w a s  changed t o  Teflon FEP, The 20 m i l  FEP sheet was abraded i n  the same 

manner a s  the aluminum p la t e  and was a s  effect ive i n  transferring the surface 

texture t o  the r e s i n  which could then be removed without d i f f icu l ty .  The embos- 

sing technique also appears t o  be qui te  successful i n  preventing the sheets from 

adhering. 

pressure is applied by winding i n  r o l l  form on a core. 

one o r  both s ides  could a l so  be incorporated as pa r t  of the extrusion process 

by passing the hot res in  through a pa i r  of ro l l e r s  covered with abraded FEP 

sleeves. 

the use of the release paper interleaving. The benefit  of t h i s  approach is 

a l so  tha t  the expense lies only i n  a capi ta l  equipment cost  for  the r o l l e r s  

and no other supply of r a w  materials is required, 

The 

A 220 mesh g r i t  w a s  used a t  a 

Due 

N o  adhesion between the p l i e s  can be noticed, even when considerable 

Embossing' the surface of 

The sheet could then proceed t o  the  r o l l  stand and be wound without 

Another anti-blocking modification that has shown success has been the  ex- 

trusion of the res in  d i rec t ly  onto a sheet of "Craneglass" non-woven glass  cloth. 

This resu l t s  i n  a predictably effect ive anti-blocking surface by providing 

mechanical separation of t he  two surfaces. S m a l l  laboratory extrusion samples 

w e r e  prepared using t h i s  technique with "Craneglass" type 230 of 5 mils thickness. 



The method worked well; however, a small amount of pressure is required to cause 

the resin to adhere well to the glass fiber. In production, the extruded resin 

and glass cloth must be run simultaneously through a nip roller to insure good 

contact. 

nating the release paper interleaving and also having the glass cloth already 
in place. The "Craneglass" improves the module evacuation/lamination process, 

provides a layer of mechanical separation between components and improves the 

insulation resistance of the composite. 

treatment implies that a layer of the glass cloth will be present over the cells 

in fabricated modules. 

fect of this material when placed in the light path over the cell. 

of EVA/Craneglass was prepared by compression molding and submitted to spectro- 

scopy. 

high. 

order of 93%, consequently no loss in module power is expected from the inclusion 
of this material in the lamination. A module prepared using this technique was 

evaluated by I D  curve determination and compared to another module without the 

included glass cloth. No difference in performance could be detected. 

Preparing the pottant in this manner presents the advantage of elimi- 

The use of this type of anti-blocking 

Experiments were conducted to determine the optical ef- 

A specimen 

Despite the increase in visible haze, the light throughput remained 

Total integrated hemispherical transmission was found to be in the 

Although all three methods discussed here gave very good results, a further 

evaluation was required in order to determine the effectiveness of these ap- 

proaches under simulated storage conditions. ASTM describes three tests for 

the determination of anti-blocking efficiency: 

1. Blocking of Plastic Film; D-1893-67 

2. Blocking-Load of Plastic Film by the Parallel Plate Method; 

D-13354-74 

3. Blocking of Potentially Adhesive Layers; D-1146-43 

The best method is probably the first which uses large areas of film and 

This method also has pro- can measure the degree of blocking quantitatively. 

visfon for changing the load and temperature of the test specimens. This test 

was applied to the three techniques, using 4 plies of each under a load of ap- 

proximately 0.15 psi and a temperature of 12OoF. 

to simulate storage conditions in a roll in a hot warehouse. 'After 350 hours, 

the specimens were removed and evaluated by attempting to separate the plies, 

These conditions were selected 
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The specimens employing the embossing technique were totally blocked and the 

plies could not be separated at all. The specimen dusted with polyethylene 

powder separated easily with a little force due to some areas that had been 

insufficiently coated with powder and had "wetted through". 
bonded to glass cloth separated easily with a minor amount of adhesion between 

the plies. 

technique is probably the best, although not much better than the surface 

dusting conditions. 

appropriate choice of particle size, melt flow or application technique with 

polyethylene dispersion. 
size (Microthene FN-524 and FN-510; US Industrial Chemicals) are currently 

under evaluation. 

The specimens 

The results of the tests indicate that the glass cloth extrusion 

The dusting technique can possibly be improved by a more 

Two new grades of successively smaller particle 



IV. BUTYL ACRYLATE POTTANT 

Investigations of pottants other than EVA are currently underway. Com- 
pounds such as EPDM rubber and aliphatic urethane products are under test for 

weatherability, transparency, thermal cycle testing, etc. 

These compounds represent "second choice" materials in the event that the 

EVA pottant appears to be unsuitable for a particular module design or process. 

This, hopefully, will also result in a few alternate choices of pottant for 
solar module manufacturers who may be pursuing different fabrication concepts 

than those emphasized in this report. 

The criteria for the selection of alternate pottants are essentially the 

same for EVA; high transparency, processability, weatherability (or the potential 

to be made weatherable) and attractive cost. 

A compound identified by JPL, poly-n-butyl acrylate, appears promising as 

a casting syrup due to its transparency, weatherability low modulus and low 
cost. 

candidate liquid-potting compound. The syrup itself is a transparent fluid 

composed of premade polymer (solid) dissolved in monomer (liquid) and a small 

quantity of a catalyst to initiate the cure reaction. 

Work has just begun on this compound to assess its usefulness as a 

The first step in the formulation of this syrup is the preparation of the 

prepolymer. 

equal weights of butyl acrylate monomer and cyclohexane solvent are mixed and 

then catalyzed with 0.01 weight percent of AIBN (azobisisobutyronitrile). The 

mixture is stirred under nitrogen to remove the air and then heated to 8OoC for 

a period of 15 hours. 

of polybutyl acrylate in cyclohexane solvent remains. 

off under vacuum for storage and recycling in the next reaction. 

polymer is quantitative and it remains in the flask as a crystal clear tacky 

resin of an estimated molecular weight of 400,000 (K-GPC) . 
is then added to the flask to dissolve the polymer and yield a 100% active acrylic 

based casting syrup. 

solution was prepared. This syrup is completed by the addition of 0.01% AIBN 

catalyst to serve as the initiator during the cure reaction. 

This is done by a simple solution polymerization in which the 

The polymerization occurs during this time and a solution 
This solvent is stripped, 

The yield of 

More liquid monomer 

For the initial experiments, a 33% w/w polymer/monomer 

The syrup so 

prepared is a transparent fluid of 10,000 centipoise viscosity which may be 

used directly as the solar module pottant. 

for the manufacture of this compound is shown in Figure 1. 

The anticipated commercial process 
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The precatalyzed syrup appears to be quite temperature stable (at room 

temperature) and shows no problems of long-term storage when kept under normal 
conditions. The activation temperature is in the order of 50 C. This is the 

temperature at which the initiator will become active and polymerization begins. 

The visible onset of gel (sharp increase in viscosity) is approximately 1 hour 

at 6OoC. Although polymerization will occur at these temperatures, the cross- 

linking reaction that causes the syrup to become thermoset does not become 
active until 8OoC is reached. 

capable of achieving this temperature in order to prepare fully cured modules 

capable of passing the JPL thermal cycle test. 

0 

The module manufacturing process should be 

Initial attempts to prepare experimental modules with this compound were 
not immediately successful due to lack of technique in terms of handling this 

material. 
in place so that the fluid may be pumped in without leakage and loss. The jig 

must also be capable of holding the assembly throughout the heating and curing 

cycle. First attempts failed due to loss of pottant due to poor edge sealing. 
Masonite/Tedlar modules bonded with adhesives leaked due to attack on the ad- 

hesive. Other designs incorporated silicone rubber gaskets sandwiched and 
clamped between two rigid supports; the Masonite on one side and the Tedlar 

film supported by a sheet of aluminum on the other. 

gasketing to permit the filling and overflow of pottant. 

after filling, was then transferred to an air oven set for 80 C. 

process is complete after 3-5 hours and the modules were removed and permitted 

to cool. The pottant was found to have cured to a crystal clear tough rubbery 

compound and was almost completely bubble free. 
wrinkled on the back due to shrinkage of the resin during the cure process. 

larger 11 celled minimodule is currently under construction for JPL temperature 

cycling and will use refinements in technique and possibly formula. 

A jig is required that serves to hold the front and back covers 

Two holes were left in the 

The clamped assembly, 
0 The cure 

The Tedlar film was somewhat 

A 

The initial impression of butyl acrylate syrup is encouraging, however, 

changes in the formulation may tend to improve the processing characteristics. 

Using higher resin solids, perhaps up to 50%, will reduce the shrinkage of the 

resin during the cure stage and prevent the warping of the flexible outer cover 

films. 

appropriate selection of the initiator compound. 

azo compounds are available that could speed the process considerably. 

crease in the initiator level to 0.1% may also be beneficial. 

Faster cure at lower temperatures may also be possible by the more 
Many aliphatic peroxides and 

An in- 
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FIGURE 1 

PRODUCTION FLOW CHART 
BUTYL ACRYLATE SYRUP 

n 
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V. CORROSION STUDIES 

Experiments w e r e  conducted t o  determine the re la t ive  amount of corrosion 

protection thatcould be provided t o  metallic components of a so la r  module by 

encapsulation i n  the candidate pottants.  This experiment employed an ASTM 

procedure, number B-117, i n  which the specimens are exposed t o  a continual 

spray of salt  fog containing 5 par t s  by weight of sodium chloride and a t  a 

temperature of 35 C. This tes t  i s  generally regarded a s  severe i n  the paint  

and coating industries and r e su l t s  i n  rapid corrosion of inadequately protected 

m e t a l s .  

0 

The metals included i n  t h i s  tes t  w e r e  aluminum, galvanized steel, m i l d  steel 

The tests w e r e  run on both unprimed and primed metals which w e r e  en- and copper. 

capsulated i n  EVA, EPDM, PU (polyurethane) and PVC p las t i so l .  Specimens w e r e  

prepared by compression molding the metal squares between two sheets of res in  

and subsequently curing i n  the case of EVA and EPDM pottants.  

set l iquid pottants,  PU and W C  p las t i so l ,  the metal specimens w e r e  placed i n  

shallow molds and the  l iquid cast around them. Additionally, whole experimental 

modules containing two cells and prepared by a candidate manufacturing method 

w e r e  a lso placed i n  the chamber t o  determine the e f fec ts  on whole encapsulation 

systems. The tes t  specimens were examined and subjectively rated fo r  the 

degree of corrosion a t  intervals  of 24, 120, 300, 450, 700 and 1600 hours of ex- 

posure. The tes t  results are  presented i n  Tab les  1 through 4. The corrosion 

tes t ing  with EVA w a s  covered i n  a previous report(a) ,  but a table  of the resu l t s  

has been included fo r  the purpose of comparison. 

With the thermo- 

Prior  t o  the onset of these tests unencapsulated m e t a l  control specimens 

were exposed t o  determine the baseline corrosion rate. 

corrosive attack within the first few days. 

t o  be copper and both the mild and galvanized steels. 

d i s t i n c t  signs of attack after s i x  hours exposure. 

res i s tan t ,  showing the same degree of attack a f t e r  about f i f t y  hours. 

These specimens exhibited 

The most sensi t ive metals w e r e  found 

These materials showed 

Aluminum w a s  a l i t t l e  more 

A l l  the  

unencapsulated m e t a l s  w e r e  rated as corroded o r  

exposure. 

(a) Springborn Laboratories, "Investigation of 
and Processes fo r  Solar C e l l  Encapsulants" 
954529, June 1979 

severely corroded a f t e r  120 hours 

T e s t  Methods, Material Properties 
Third Annual Report, JPL Contract 
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The r e s u l t s  of unprimed encapsulated metals is presented i n  T a b l e  1, and 

it can be noticed that the degree of protection provided by the  pot tan t  var ies  

according t o  the metal/pottant combination. In general, the  a l ipha t i c  poly- 

e the r  urethane (PU) gave less protection than e i the r  the  p l a s t i s o l  o r  EPDM. 

All the metals corroded faster i n  the urethane than the other two, with copper 

developing noticeable blue-green corrosion products within 120 hours. The  plas- 

t i s o l  provided s l i g h t l y  better protection and the EPDM formulation w a s ,  perhaps, 

marginally better yet.  

clusions can be made. 

the  p l a s t i s o l ,  showing no discernable signs of corrosion after the  f u l l  1600 

hour exposure period. 

and copper corroded i n  a l l  cases except i n  the p l a s t i s o l ,  where only a s l i g h t  

d u l l  coating could be noticed. Aluminum appeared t o  be the least corrosion 

sens i t ive  m e t a l  and showed no signs of corrosion i n  EPDM o r  the urethane and 

showed no signs of a t tack i n  the p l a s t i s o l  u n t i l  t he  1000 hour mark. 

series of experiments w a s  repeated with the use of s i l ane  primer la)applied t o  

the  metal specimens p r i o r  t o  encapsulation. P r i m e r s  w e r e  expected t o  improve 

the corrosion resis tance by providing a strong bond a t  the polymer/metal 

interface.  This appears t o  be generally supported by the experiments conducted 

t o  date. 

than the unprimed specimens with the s ingle  exception of galvanized steel i n  

EPDM. 

showing no signs of corrosion i n  the unprimed form and severe corrosion when 

primed. As w i t h  the  unprimed control metals, galvanized steel is bes t  protected 

by EPDM and the  PVC p l a s t i s o l ,  copper is best protected by the p l a s t i s o l  but not 

by the urethanes o r  EPDM, and mild steel is  not w e l l  protected by any of the  

candidates. 

In  terms of spec i f ic  metals some more de f in i t e  con- 

Galvanized steel w a s  w e l l  protected by both EPDM and 

Mild steel w a s  not protected w e l l  by any of the formulations 

T h i s  

The  primed metals performed e i t h e r  equivalently or  s ign i f icant ly  b e t t e r  

The corrosion s e n s i t i v i t y  reversed i n  t h i s  experiment with the m e t a l  

Aldnum appears t o  be the m o s t  r e s i s t a n t  t o  corrosion i n  a l l  cases. 

T a b l e  4 compares the corrosion charac te r i s t ics  of a l l  pottant/metal com- 

binations attempted so far including the r e s u l t s  of the  EVA experiments performed 

i n  a previous reporting period. 

have been found fo r  EVA and primed m e t a l s .  

posure, no corrosion can be found i n  any of the primed metals encapsulated i n  

cured EVA. 

As may be seen i n  the table, the best r e su l t s  

A f t e r  the 1600 hour salt  spray ex- 

The next bes t  performance is generally found f o r  the PVC p l a s t i s o l  

(a) A. Plueddemann, "Chemical Bonding Technology f o r  Terrestrial Solar C e l l  
Modules", JTL Document 5101-132, September 1979. 
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which gave good protection t o  aluminum and galvanized steel and only barely 

noticeable corrosion of copper. 

Experimental two-celled modules w e r e  prepared and exposed t o  the same 

sal t  spray corrosion conditions as  the encapsulated m e t a l  specimens, Four 

basic module types w e r e  used and consisted of (a) Glass /EVA/Aluminum fo i l -  

superstrate type, (b) EVA/Masonite/Korad-substrate type, (c) EVA/Masonite/ 

Tedlar 100BG30UT-substrate type, and (d) EVA/Galvanized Steel/Korad-substrate 

type. These modules w e r e  mounted against a plywood board and supported along 

the  edges with p l a s t i c  pins. 

w e r e  found on the exposed interconnects (solder plated copper) which formed a 

du l l  grey layer  of corrosion products that appeared t o  give protection against 

fur ther  attack. 

I n  the substrate type modules employing Korad cover f i l m s  corrosion of the i n t e r -  

connects beneath the fi lm could be noticed a s  the formation of a grey f i l m .  This 

effect w a s  not observed i n  the module using a Tedlar 100BG30UT outer cover film. 

Warping of the Masonite substrate modules was noticed and w a s  most l ike ly  due t o  

w a t e r  absorption through the few areas where the  covering of EVA over the hard- 

board w a s  par t icular ly  thin.  S imi l a r ly ,  i n  the galvanized steel substrate 

modules corrosion products could be noticed along the edges where the EVA was 

par t icular ly  thin.  

vanized steel w e r e  found t o  have cut  through the resin leaving them open fo r  

I n  a l l  the modules, the  f i r s t  signs of corrosion 

Signs of other areas of corrosion appeared a f t e r  120 hours. 

Upon inspection of these modules, the edges of the gal- 

attack. The glass  superstrate design module w a s  perhaps the l ea s t  effected 

losing about 10% of its back surface coverage of aluminum f o i l  after the f u l l  

1600 hour exposure period. 

the degradation e f fec ts  w e r e  observed within the i n i t i a l  120 hour exposure period. 

N o  signs of discoloration o r  delamination were noticed. 

In a l l ,  the modules sumived qui te  w e l l  and most of 

It is f e l t  t h a t  the optimum resistance t o  corrosion w i l l  r esu l t  from matched 

systems of pottant/primer and m e t a l  component tha t  have been individually tested 

f o r  compatibility and maximum protection. Some insurance tha t  complete coverage 

and t o t a l  encapsulation by the pottant is required, 

observed t o  date is found f o r  primed metals i n  EVA, 

The best  corrosion resistance 
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V I .  RS/4 FLUORESCENT SUmAMp EXPOSURES 

The degradation of polymeric materials i n  outdoor weathering is caused 

primarily by sunl ight ,  especial ly  the u l t r av io l e t  component. In ac tua l i ty ,  the 

de te r iora t ive  effect of l i g h t  i s  usually enhanced by the presence of oxygen, 

moisture, heat,  abrasion, etc. and i n  many cases the deter iorat ion is properly 

photoxidation. 

Sunlight reaching the ear th  is f i l t e r e d  through the atmosphere, removing 

shor te r  wavelengths up t o  290 mu before it reaches the surface of the  earth. 

Thus u l t r av io l e t  effects on p l a s t i c s  r e s u l t  primarily from wavelengths of ap- 

proximately 290-400 mu, which is approximately 5 percent of the  t o t a l  solar 

radiat ion reaching the ear th .  

The lower the'wavelength of l i g h t ,  the  more damaging is  its poten t ia l  t o  

produce a chemical change i n  material .  This energy must first be absorbed, 

however. 

but few are completely transparent i n  the  300 t o  400 mu range. 

energy has been absorbed, t h e  likelihood of chemical change w i l l  depend on the 

s t a b i l i t y  of the  chemical bonds i n  the polymer. 

t ions  a re  responsible f o r  t he  deter iorat ion of op t i ca l  and mechanical propert ies  

and usually r e s u l t  i n  reductions of t e n s i l e  strength,  elongation and transparency. 

Plastics d i f f e r  considerably i n  their u l t r av io l e t  absorbing propert ies ,  

Once the  radiant  

The induced chemical modifica- 

These degradative effects may be simulated i n  the.labbratory and accelerated 

t o  yield predickions about long-term behavior from short-term tests. A number of 

devices are commercially available for  t h i s  type of t e s t ing  and include equipment 

such a s  "Weatherometer", "Fadeometer", Q W ,  etc. One of the more popular and 

simple devices is the RS/4 exposure chamber. This device is a modification of 

standard test procedure ASTM 0-1501, "Exposure of Plastics t o  Fluorescent Sun- 

lamp", and is widely used throughout the  p l a s t i c s  and other  industr ies  f o r  the 

purpose of accelerated weathering. 

a turntable  t h a t  ro t a t e s  beneath a fluorescent sunlamp (General Electric RS/4 Type) 

i n  a closed chamber thermostatted t o  a temperature of 50°C. The specimens a re  

removed f o r  t e s t ing  a t  appropriate intervals based on the degredation rate of 

the material under examination. For the  purpose of determining the r e l a t ive  

s t a b i l i t y  of pot tant  and outer  cover formulations, a schedule of 60, 120 and 

240 days exposure w a s  used. This is equivalent t o  1440, 2880 and 5760 hours. 

In t h i s  device tes t  specimens are mounted on 
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As a point of comparison, unstabil ized polypropylene is physically degraded 

after approximately 160 hours and unstabil ized low density polyethylene i s  

degraded after approximately 450 hours of exposure. 

are, then, considerably more stable than e i t h e r  of these two polymers. 

The materials under test 

During the  pas t  two years, three series of specimens have been placed 

under RS/4 accelerated exposure, and evaluated fo r  mechanical o r  op t ica l  

properties o r  both after completion of t he  exposure in te rva ls  indicated. 

attached T a b l e s  5 through 7 summarize the results of these long-term tests and 

are  presented as Series I ,  I1 and I11 exposures. 

The 

Series I exposures began i n  October of 1978 f o r  the  purpose of determining 

the  s t a b i l i t y  of d i f f e ren t  EVA formulations and proving the f e a s i b i l i t y  of 

protecting polymers with W absorbing films. 

Three specimens of polypropylene w e r e  coated with a film of acry l ic  polymer 

containing a W absorber a t  three levels ;  2 .5%,  5% and 10%. These ac ry l i c  

solutions w e r e  prepared by National Starch and Chemical Corp. and contained 

Permasorb-MA absorber incorporated by polymerization. 

the least amount of absorber has only recently been removed from exposure due 

t o  fi lm cracking and specimen degradation. 

the charac te r i s t ic  white haze of degradation and additionally the outer  cover 

had fractured. 

absorbing property w a s  still effect ive.  The specimen survived 11,500 hours of 

exposure, equal t o  16 months. This corresponds t o  an improvement i n  the lifetime 

of polypropylene by a fac tor  of approximately 100. The other two specimens are 

st i l l  under exposure and w i l l  be removed when signs of degradation appear. A l -  

though the formulation and vehicle fo r  the W absorbing fi lm w a s  not optimized 

o r  developed for  use i n  so l a r  modules, it serves t o  demonstrate t h a t  enormous 

improvements i n  polymer l i fe t ime may be achieved with t h i s  approach. 

The specimen containing 

The specimen removed had developed 

Testing the  acry l ic  fi lm by spectroscopy showed t h a t  the W 

Specimens of an ear ly  EVA formulation - A8326 - (with Sartomer-350, Lupersol 

101  peroxide and s tab i l ized  with Cyasorb W-531, Tinuvin 770 and Irganox 1076) 

w e r e  a l so  removed- f o r  op t ica l  and mechanical tes t ing .  

remarkably endured over 10,000 hours of RS/4 exposure w i t h  no apparent change 

i n  properties.  

the t o t a l  integrated opt ica l  transmission is still 90.6% and the mechanical 

propert ies  are ident ica l  t o  control.  

These specimens have 

Although some haze has developed i n  t h e  transparent specimens, 

Three specimens i n  t h i s  series w i l l  be l e f t  
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under exposure: White EVA (A890ID1, a piece of EVA protected with the National 

Starch W/acrylic f i l m ,  and an unprotected piece of compounded and cured EVA 

(experiment No. A8901C). These EVA materials remaining under exposure w i l l  

be removed on a periodic basis  f o r  inspection. 

Series I1 specimens (Table  6) consisted of outer cover candidate materials, 

d i f fe ren t  formulas of EVA and EPDM and combinations of these pottants with the 

outer cover materials. 

complete. 

discolored and softened in to  s t icky masses before the mechanical tests could 

be performed. A l l  these specimens w e r e  removed before the tests w e r e  continued. 

A t  the 60-day point,  a l l  the other test specimens showed no signs of degradation 

or  variation i n  properties with one exception; Korad 201-R. 

w e r e  too b r i t t l e  t o  be clamped i n  the test machine and broke upon handling. 

The 120-day exposure properties a l so  showed no degradation of the test materials 

with the exception of the -rad 201-R. 

s tabi l ized EVA and Tedlar showed no signs of change. 

exposure samples w e r e  destroyed by an accidental thermal over-ride i n  the equip- 

ment. 

the  specimens survived except the white EVA. 

i n  appearance. 

Some compounds degraded before the 60-day exposure w a s  

EPDM and EVA formulations cured with peroxides (but not s tabi l ized)  

Specimens of Korad 

The samples of properly compounded and 

Unfortunately the 240 day 

The chamber temperature is estimated t o  have exceeded 100°C and none of 

A l l  others w e r e  black t o  brown 

Most of these specimens w e r e  repeated i n  the  next series. 

. Series I11 (Table  7) RS/4 exposures consisted of fur ther  t e s t ing  of EVA 

compounds and the inclusion of the a l ipha t ic  polyurethane and EPDM pottants.  

This t i m e  the 60-day evaluations w e r e  not performed, most of the materials of 

i n t e re s t  showing no signs of change a t  that interval .  The unprotected urethanes 

w e r e  an exception, however, and w e r e  removed a t  the 60-day point. These materials 

i n  t h e i r  unmodified form are very sensi t ive t o  W degradation and flowed i n t o  d i f -  

fuse shapes of dark yellow/brown color. The protected urethanes survived the 

remaining tes t  periods, however, deterioration of the  physical properties in- 

dicates  t ha t  the degradation process is st i l l  i n  operation. 

best  s t a b i l i t y  t o  the urethane a t  the 240 day exposure period, the t ens i l e  

specimens retaining 960 p s i  of t e n s i l e  strength and 440% elongation. 

specimens behind Korad film l o s t  about 90% of the or iginal  t ens i l e  strength and 

the urethane behind Tedlar fi lm discolored and flowed completely t o  destruction. 

G l a s s  provided the 

The 

The compounded EPDM (A8945A) w a s  suf f ic ien t ly  s tab le  t o  survive the t o t a l  240 
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day exposure period but loss of t e n s i l e  strength and elongation could be noticed 

i n  a l l  the  specimens including those placed behind a protect ive fi lm of Korad, 

Tedlar and glass.  Tensile s t rengths  decreased i n  the  range of 30% t o  70%. EPDM 

is much more s t ab le  t o  W degradation when compounded with s t ab i l i z ing  additives,  

however, it is s t i l l  very much less s t ab le  than the  EVA formulations of current 

i n t e re s t .  

very w e l l  and although the  tes t  r e su l t s  had a ra ther  wide range of values no 

s igni f icant  signs of degradation were evident. Protection provided by glass  and 

the screening films did not  appear t o  influence the material propert ies  s ign i f i -  

All of the EVA formulations, both pigmented and transparent,  performed 

cantly. 

I n  conclusion, the polyurethanes appear t o  be the  most d i f f i c u l t  t o  pro tec t  

from W degradation, the EPDM formulations are  more promising, but  require work 

and the  EVA copolymer appears t o  have very high s t a b i l i t y .  
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V I I .  WTURE WORK 

Future work for  the next quarter w i l l  include the following i t e m s :  

1. 

2 .  

3. 

4. 

5. 

6. 

7, 

Evaluation of two new types of polyethylene dust for  the ant i -  

blocking treatment of EVA sheet pot tant  i n  order t o  optimize 

the efficiency. 

Determination of interference with adhesive bonding of EVA t h a t  

has been t reated w i t h  polyethylene powders. 

Improvement of the cure properties of the butyl acrylate  syrup 

pottant by increasing the so l ids  content and selection of an 

optimized i n i t i a t o r .  

Corrosion tes t ing  experiments w i l l  continue with copper, m i l d  steel, 

galvanized steel and aluminum encapsulated i n  polybutyl acrylate  

pottant . 
Candidate pottant formulations w i l l  be included i n  a new accelerated 

weathering condition; RS/4 sunlamp w i t h  w a t e r  spray t o  determine the 

s t a b i l i t y  of the formulations when the potent ia l  for  w a t e r  extraction 

of s t ab i l i ze r  components is present. 

The Q-623/Q626 polyurethane formulation w i l l  be screened i n  the RS/4 

chamber with d i f fe ren t  W s t ab i l i ze r s  and additives t o  determine i f  

the  l i fe t ime can be improved. 

A study on gaskets and edge sealers for  so la r  modules w i l l  be started. 
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T a b l e  3 

CORROSION MONITORING - EVA 

L. V L l e f f a c t t d  
2. SU@t dull ing of surface, 
3. 19ozicabla dulling of surfaca. 
C.. Ugkt corror+oa a i b l e .  
5. corzosion v?aiSle 

(10% of ruriace). 

6. 
7. Discoloration of polpmer. 
8. D a ~ t b u  a t  incer%cs. 
9. m musurablr CJrT.Pt. 

B u v y  corrosion v i s i b l a  (over 20% sur%ce). 



T a b l e  4 

CORROSION PROTECTION COMPARISON 

Completely Encapsulated Metals 
1600-Ho~r ExpOSUre, ASTM-Bl17 

Aluminum 

Galvanized Stee l  

Mild Steel 

Aluminum 

Galvanized Stee l  

Mild Steel 

Copper 

Code : 

1. Unaffected 4. Light corrosion v i s ib l e  

2. S l igh t  dull ing of surface 5. Medium corrosion 

3. Noticeable dul l ing of surface 6 .  H e a v y  corrosion 

(a) A l l  specimens primed w i t h  mixture of Dow Corning primers; 

Z-6030/2-6029 (9 : 1) 
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